Introduction
Pome and stone fruits are considered to be indispensable and important part of the high-quality, balanced diet of a human [1] . They contain many useful substances which possess dietary and medicinal properties. The main among them are vitamins, phenolic compounds, sugars, organic acids, microelements, enzymes and other biologically active substances [2] .
Today in Ukraine, the problem of establishing a balanced diet and provision the population with fruits during the whole year is not a lack of raw materials but the imperfect technologies of its storage. Maximum preservation of food, biological value, quality and harmlessness of fruit raw materials under modern manufacturing conditions may only be achieved when using artificial cold. And the first stage of using artificial cold in the technologies of fruits storage is the pre-cooling.
Pre-cooling is the technological process of fast decrease in temperature from the initial to the temperature of the further storage of fruit. The efficiency of pre-cooling is associated with its significant positive influence on the preserving factors of fruit raw materials. The faster the temperature of the fruits after gathering is reduced, the longer the period of storage will last and the higher is quality [3, 4] .
The relevance of the research in this direction is due to the lack of information on the impact of different ways and modes of pre-cooling on the kinetics of main physical and physiological processes that occur in fruit raw materials and are accompanied by deterioration of their quality and biological value.
Literature review and problem statement
The most important stage of the storage technology is the pre-cooling of fruits [5] [6] [7] [8] . Timely pre-cooling reduces intensity of the fruit breathing, slows the rate of accumulation and consumption of energy substances on the processes of vital activity of plant tissues, which significantly delays the process of ripening. Herewith the fruits organoleptic characteristics are formed slower that determines consumer ripeness: color, taste, flavor, their dense consistency and biological value are maintained longer and better. Rapid temperature drop creates unfavorable conditions for development of thermophilic and mesophilic microorganisms, at the same time psycrophilic microorganisms significantly reduce their activity [9, 10] .
So, as a result of timely pre-cooling, the wastes from microbial diseases, physiological disorders are significantly reduced as well as the evaporation of moisture. At the same time, the shelf-life of fruits with high nutrition value significantly increases [11] .
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PhD, Associate Professor* Technical and economic feasibility of pre-cooling is predetermined by simultaneous loading of the entire volume of the chamber with cooled product that allows creating optimal and stable temperature conditions from the first hours of storage. Such loading of chambers requires less cooling productivity of the equipment, and this, in its turn, has a positive effect on economic indicators of storage [12] .
А . K u l i k
Pre-cooling is performed by one of the following ways: cold air in conventional storage chambers at relatively low speed (up to 1 m/s) and multiplicity of air exchange (30-40 volumes per hour); cold air in special chambers of intensive cooling at relatively high speeds of air motion (up to 3-4 m/s) and a large multiplicity of air exchange (60-120 or more volumes per hour); cold water (hydro-cooling); in the isothermal wagons or auto refrigerators [13] .
Today the most common way of pre-cooling of fruits is considered to be cooling in conventional fruit storing chambers.
Its advantage without any doubt is the absence of reloading the fruits from one chamber to another. But the significant disadvantage of this method is significant duration of the process, especially for the batches of fruits of large size. This reduces technological efficiency of pre-cooling significantly and sometimes questions the appropriateness of its conducting. In view of the foregoing, there is a technological need for further study of existing methods of the fruit pre-cooling before storing them for preservation.
On the other hand, it is stated in many scientific studied [14-17] that traditional storage methods, based only on the use of artificial cold, do not allow solving in full the problem of long-term preservation of product quality. Low positive temperatures do not totally slow redox processes and development of pathogenic micro-organisms. Therefore, the effect of low temperatures during storage in practice is increased by other ways: the use of the modified external gas medium -controlled and modified (CGE and MGE), ozonation, ionizing radiation, etc.
Increasingly applied in the practice of storing is the pre-treatment of fruit and vegetable products by antioxidant substances [18, 19] . The treatment with antioxidant compositions can be performed in various ways: by spraying in the garden or by irrigation or immersion on the line of preparation the fruits for storage [20, 21] . In the course of conducting further scientific research, the question arose about the possibility of combination of technological operations of treating the fruits with antioxidant compositions and preliminary cooling. This research is devoted to the solution of this problem.
The purpose and objectives of the study
The conducted studies set the goal of scientific substantiation of expediency of combination of pre-cooling of fruits and their treatment with antioxidant compositions before the long-lasting storage, as well as setting the optimum conditions and ways of performing the given technological operation.
To implement the set goal, it was necessary to solve the following tasks:
-to determine experimentally duration of pre-cooling of fruits in different ways;
-to explore and analyze the impact of different ways of pre-cooling on the intensity of breathing and heat dissipation and loss of weight of the fruits; -to determine the best method and the mode settings of pre-cooling the fruits.
Materials and research methods of the process of pre-cooling of fruits
The object of the study was the process of pre-cooling of fruits such as apple, pear and plum. Technological process was performed in experimental chambers of slow ( The chambers of slow cooling are equipped with radiator system with the natural movement of air, the chambers of intensive cooling have air system, in which heat is fed by air cooler by the forced air circulation.
The methodology of the experiment is described in detail in the previous publication [22] . The intensity of the breathing of fruits before and after cooling was determined by standard methods [23] .The weight loss -by the method of fixed samples (Fig. 2) [23] . In the analysis and processing of experimental data, the methods of variation statistics were used, with the help of the "MS Office Excel 2007" computer software, the "Statistica 6" package and a personal computer.
Results of the research into the process of
the fruit pre-cooling
1. Experimental determining of the duration of the process of pre-cooling of fruits
Cooling of the fruits in a conventional storing chamber proceeded rather slowly (Fig. 3) .
Thus, the duration of cooling of the batch of apple fruits with the mean diameter 65 mm was 8 hours, the batch of pear fruits of the mean diameter 70 mm amounted to 11 hours and the plum fruits of the mean diameter 38 mm reached 5 hours.
It should be noted that the speed of cooling during the first hour was almost the same for all types of fruits, as evidenced by the calculated velocity constants (Table 1) . After the first hour of the cooling, the process proceeded at a slower pace. The highest speed of temperature decrease was displayed by the plum fruits, and minimal -by the pear fruits. The calculated coefficient of correlation between the largest transverse diameter of fruits and velocity constant of the cooling process (r=-0.99±0.01) confirms the existence of a close inverse dependence.
The kinetics of the fruits cooling in chambers of intensive cooling was different (Fig. 4) . Thus, general period of cooling the apple and pear fruits to the temperature 0 °C lasted about 2 hours, and that of the plum slightly exceeded 1 hour. The velocity constant of the cooling process under these conditions was also much lower. Thus, for the apple and pear fruits it was the same and equaled k=-0.025 min -1 , and for the plum fruits it was 1.6 times larger and equaled k=0.041min -1 . At the same time, the velocity constant of the process of pre-cooling in the chambers of intensive cooling was higher than in the conventional storing chambers for the pear fruits by 6.3 times, by 4.2 times -for the apple fruits and by 3.7 times -for the plum fruits.
Fig. 4. Kinetics of fruits cooling in chambers of intensive cooling
In the study of the modes of the fruit pre-cooling by the method of hydro-cooling, the АОС solutions were used as the cooling medium. To set the optimal temperatures of the working АОС solutions during cooling of the fruits we identified their cryoscopic temperatures. Thus, the process of formation of the DPM composition occurs in the temperature range from 0.7 to minus 0.9 °C, the DL composition -from 0.6 to 0.1 °C and the AАRL composition -at 0.3 °C. The duration of crystallization of all working solutions of antioxidant compositions is 2 hours. Therefore, for pre-cooling the fruits, the temperature of working solutions of 1.5±0.5 °C can be recommended.
Termograms of the fruit cooling in working solutions of antioxidant compositions (Fig. 5-7 ) demonstrate similar kinetics.
The total duration of cooling the apple and pear fruits to the temperature of 1 °C is about 3.5 hours, the plum fruits -1.5 hours.
The velocity constants of hydro-cooling process of the apple and pear fruits in different antioxidant compositions did not differ significantly and varied within -0,014…-0,016 min -1 (Table 2) , of the plum fruits was 2.3 times higher and amounted to 0.035 min -1 .
Analysis of the obtained data shows that the velocity constant of the process of hydro-cooling the apple fruits was larger than the velocity constant of cooling in storing chambers by 2.5 times and lower than the velocity constant of the intensive air cooling by 1.7 times. For the fruits of other cultures, similar dynamics is characteristic with the numeric values for pear -by 3.75 and 1.7 times, for plum -by 3.2 and 1.2 times, respectively. 
2. Study of the effect of the methods of preliminary fruit cooling on the intensity of breathing and heat release
The difference in the speeds of cooling the fruits is directly related to the intensity of breathing. Thus, it is generally known that when breathing, not only СО 2 and Н 2 О are released, but a large volume of energy, too. This is an additional heat load, which significantly slows down the process of lowering the temperature. During cooling, the intensity of breathing reduces, and, accordingly, the heat release of the raw materials reduces as well.
The intensity of the fruits breathing before and after pre-cooling, as well as the intensity of the heat release at breathing, is shown in Table 3 . Table 3 Intensity of breathing and heat release of fruits during cooling In this case, the intensity of the heat release of fruits was calculated by the following formula:
where sp q is the specific heat of breath, 10.69 kJ on 1 g of СО 2 ; I is the intensity of breathing of fruits, mg СО 2 /kg per hour.
The specific heat of breath was determined as follows: the process of aerobic breathing simplistically can be described by the equation: С 6 Н 12 О 6 +6О 2 →6Н 2 О+6СО 2 +2824, kJ.
Since the molecular weight of СО 2 equals 44, then, by the equation of the breathing process, 44·6=264 g of СО 2 is released. Thus, 2824 kJ of heat will be released at 264 g of СО 2 and 10.69 kJ of heat will be released at 1 g of СО 2 .
The obtained data indicate the dependence of the intensity of breathing of the fruits while gathering on their generic and varietal characteristics with substantial variability over the years of studies. The largest intensity of breath was characteristic of the plum fruits, somewhat less -pear fruits and the minimum -apple fruits. The mean coefficient of variability of this indicator equaled 24 %, with variation depending on the species and varieties of fruit within 13 % (plum fruits, variety Ugorka Italian) to 39 % (pear fruits, variety Cure).
According to this, the intensity of the heat release of the plum fruits while gathering was maximum and amounted to around 300 kJ/kg·°C, the pear fruits -270 kJ/kg·°C, the apple fruits -210 kJ/kg·°C.
The correlation analysis revealed that the main weather factor that has the most significant impact on the intensity of breathing of fruits is the amount of active temperatures of the last month of their formation. The defined correlation coefficients r equaled: for apples -0.88±0.03, for pears -0.02±0,92 and plums -0.95±0.04.
Along with this, the velocity constant of reduction in the intensity of breathing of the plum fruits was by 2.3 and 2.8 times larger than the apple and pear fruits, respectively (Table 4) . This means that, when cooling the plum fruits, additional heat load from their breath is reduced significantly. Table 4 Velocity constants of reduction in the intensity of fruits breathing during cooling Regarding the methods of cooling treatment, we determined that the maximum velocity constant was reached at intensive cooling for all varieties of fruits, with exceeding the velocity constant of slow cooling by 6.6 times for pear fruits, by 5.3 times -for apple fruits and by 4.3 times -for plum fruits. During hydro-cooling in the АОК solutions, the speed of reduction in the intensity of breathing was lower compared with the intensive by 1.6, 1.2 and 1.5 times, respectively.
Thus, pre-cooling by intensive method promotes the fastest decrease in the intensity of breathing and heat release of fruits.
3. Study of the effect of pre-treatment methods on the weight loss of fruit raw materials
Significant technological indicator, which characterizes changes in the quality of fruits after refrigeration treatment, is the weight loss (Fig. 8) . Fig. 8 . Loss of weight of fruits at different methodss of pre-cooling Graphic image demonstrates that the loss of weight of fruits during intensive cooling was maximal and varied in the range from 0.56 % in pear fruits to 0.44 % for plum fruits. During slow cooling in conventional refrigerating chambers, the loss of weight of the fruits was lower for apples almost by 2 times, and for the pear and plum fruits -by around 3 times.
Thus, the high speed of the airflow intensifies the process of fruit cooling. The result is the faster and efficient slowdown of the breathing process. However, at the same time, the natural loss of the fruit weight increases.
Discussion of the research results into methods and operational parameters of preliminary cooling of fruits
During cooling the fruits in the АОC solutions, the loss of weight of fruits was absent at all, and the speed and degree of slowing down the processes of breathing conceded a little to the intensive method.
With regard to this, the combined method was examined, which implied pre-cooling of fruits first in the АОC working solutions, then further cooling in the chambers of intensive cooling. During further cooling, the drying process occurs at the same time. In this case, the excess moisture that remains after preliminary stage of the technological process is removed from the surface of fruits instead of natural moisture.
The duration of phases 1 and 2 of the combined pre-cooling of fruits was determined based on the speed of the process of intensive and hydro-cooling. The speed of the processes of lowering the temperature was defined by the formula (2):
where ϑ is the speed of the cooling process, °C/min, tanα is the tangent of the angle of inclination of the straight line or the first derivative of the equation t a b, = τ + ∆t is the difference between the initial and final temperatures, °С, ∆τ is the time difference, min.
The speed of the intensive cooling of apples amounted to 0.15 °C/min, pear fruits -0.16 °C/min, plum -0.26 °C/min. The speed of hydro-cooling equaled 0.099, 0.106 and 0.220 °C/min, respectively.
Based on this, the following modes of the stages of combined cooling were defined:
For the apple fruits: stage 1 -hydro-cooling in the АОC solutions during 1 hour to the temperature 8.5 °C in the center of the fruit, stage 2 -further cooling in the chamber of intensive cooling for 50 minutes up to the temperature 1 °C in the fruit center;
For the pear fruits: stage 1-hydro-cooling in the АОC solutions during 1.5 hours to the temperature 9 °C in the center of the fruit, stage 2 -further cooling in the chamber of intensive cooling for 50 minutes to the temperature 1 °C in the fruit center;
For the plum fruits: stage 1 -hydro-cooling in the АОC solutions during 40 minutes to the temperature 9 °C in the fruit center, stage 2 -further cooling in the chamber of intensive cooling for 30 minutes to the temperature 1 °C in the center of the fruit.
The loss of weight of fruits during combined method of cooling varied within 0.005 % for plum fruits to 0.014 % -for the apple and pear fruits. The velocity constant of the reduction in the intensity of breathing was 0.0245 min -1 for the apple fruits, 0.0215 min -1 -for the pear fruits and 0.045 min -1 for the plum fruit, that is hardly different from the constant at the intensive cooling. Thus, the combined method of preliminary cooling is the most suited for both mode parameters and technological index of fruits quality.
Conclusions
1. The most intensive way of pre-cooling is the cooling by air at temperature -2 ...-4 °C and airflow velocity 3 m/s. Under such conditions, general period of cooling of apple and pear fruits to the temperature 0 °C is about 2 hours and slightly longer than 1 hour for the plum fruit.
2. It was found that the cooling velocity constant of reduction in the intensity of breathing and heat release of fruits at the intensive cooling was larger than the velocity constant of the analyzed indicators at during slow cooling by 4.3…6.6 times, and by 1.2…1.6 times during hydro-cooling depending on the type of fruit. Along with this, high speed of air motion increased the natural loss of weight of the fruits during cooling. The quantitative value of this indicator during intensive method was maximum and varied in the range of 0.56 % for the pear fruits to 0.44 % for plum fruits.
3. Combined method, which implies initially the pre-cooling in working solutions of antioxidant compositions and further cooling by the intensive method, was characterized by high velocity constant of reduction in the intensity of breathing and heat release of the fruits and low level of the natural loss weight. In this case, the quantitative value of the weight loss varied in the range from 0.005 % for plum fruits to 0.014 % for the apple and pear fruits.
